NOTICE 


The invention disclosed in this document resulted from 
research in aeronautical and space activities performed under 
programs of the National Aeronautics and Space Administration. 
The invention is owned by NASA and is therefore available for 
licensing in accordance with the NASA Patent Licensing Regu- 
lation (14 Code of Federal Regulations 1245. 200). 

To encourage commercial utilization of NASA-owned inven- 
tions, it is NASA policy to grant nonexclusive, royalty-free, 
revocable licenses to any company or individual desiring to use 
the invention while the patent application is pending in the U. S. 
Patent Office and within a specified period, presently two years, 
after issuance of the patent to NASA. If commercial use of the 
invention does not occur during this period, NASA may grant a 
limited exclusive, royalty-free license thereby adding an incen- 
tive to further encourage commercial development. Any company 
desiring to make, use, or sell this invention is encouraged to 
obtain a royalty-free license from NASA. 

Address inquiries and all requests for licenses to Assistant 
General Counsel for Patent Matters,^ Code GP-1, National 
Aeronautics and Space Administration, Washington DC 20546. 
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ABLATION SENSOR 


Th« invention relates to an ablation sensor suitable for 
use in measuring the surface recession of electrically conduc- 
tive charring ablators. 


The ^ invention consists essentially of several holes 14 
drilled into the ablation material 11 to different predetermined 
level®, A small disk of ablative material 15 is fitted into each 
hole 14 and held in place by a rod of ablative material 17, A 
wire 16 is attached to each disk 15 and to a switch 18 to apply 
a force to a spring 19 to hold the switch 18 open. Each switch 
18 is connected across a resistance 20, All resistance© 20 are 
connected in series with a resistance 21 and a battery 22, Tube 
25 in FIG. 2 is an alternative means that can be used instead of 
disk 15 and rod 17, 

In operation s the switches 18 are initially in their open 
positions as shown in FIG, 1, Then all resistances 20 are in the 
electrical circuit and the output voltage across resistance 21 is 
a minimum. Wi ®n the ablation material 11 recesses to the level 
of the first disk 15, the disk will melt. This will relieve the 
tension on the first wire 16 and allow the first spring 19 to 
close the first switch IS, Sic closing of the first switch 18 
shorts out the first resistance 20 causing the output across 
resistance 21 to increase to a different level* As surface 12 
recesses further, additional resistance® 20 will be shorted out 
causing the output voltage across resistance 21 to increase in 
step®. Consequently s the output across resistance 21 at any time 
is an indication of the recession of stir face 12 , 

The novel feature of the invention appear® to lie to the 
concept of and means sbr actuating a switch when the ablation 
material ablates to a predetermined level* 
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ABLATION SENSOR 
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ABSTRACT OF THE DISCLOSURE 

A device for measuring the surface recession of char- 
ring and noncharring ablators. Pieces of ablative material 
are embedded in the ablation material at different pre- 
determined levels. Each piece of ablative material holds 
a switch open until the ablation material ablates to the 
piece of ablative material. Then the piece of ablative 
material melts thereby allowing the switch to close. An 
electrical circuit is used to monitor all of the switches to ^0 
determine the ones that are open and the ones that are 
closed. 


The invention described herein may be manufactured 25 
and used by or for the Government of the United States 
of America for governmental purposes without the pay- 
ment of any royalities thereon or therefor. 

This invention relates to an ablation sensor, and more 
particularly concerns an ablation sensor that can be used 30 
to measure during flight the surface recession of charring 
and noncharring ablators. 

Measurements of the surface recession of ablation mate- 
rials in space flight are necessary for the development and 
most efficient use of thermal protection materials. In the 35 
past, there have been several techniques used to measure 
surface recession of ablation materials. One such tech- 
nique consists of monitoring the voltage output of a re- 
sistance network having fine loops of wire embedded at 
predetermined depths in the ablation materials and as 40 
the surface recedes, the wire loops burn open, producing 
step increases in the output voltage. Other techniques in- 
volve embedding a capacitor or a resistor in the ablation 
material such that as the ablation material recedes the 
capacitor or resistor erodes thus changing its capacitance 45 
or resistance. This change in capacitance or resistance is 
monitored by an electrical circuit. One of the problems in- 
volved in the use of these prior techniques is the con- 
tinually varying resistance in the electrical circuit due to 
the conductivity of the ionized hot gas cap created dur- 
ing periods of high heat input. Another problem is that 
many of the ablation materials currently used produce an 
electrically conducting char-layer on their outer surface. 
This char-layer causes errors in the measurement of the 55 
surface recession. A further problem with these tech- 
niques is that they are usable only in electrically non- 
conducting ablation materials. 

It is therefore an object of this invention to provide an 
improved ablation sensor. 60 

Another object of this invention is to provide an abla- 
tion sensor that can be used to measure the surface re- 
cession of an ablating material that produces an electri- 
cally conducting char-layer. 

A further object of this invention is to provide an abla- 
tion sensor that can be used to accurately measure the 
surface recession of an electrically conducting ablating 
material. 

A still further object of this invention is to provide an „ 
ablation sensor that can be used to accurately measure 
the surface recession of an ablating material without 
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interference from the generated ionized hot gas cap dur- 
ing periods of high heat input. 

In accomplishing these objects, pieces of ablative mate- 
rial are embedded in the ablation material at different 
predetermined levels. A spring loaded switch associated 
with each piece of ablative material is held open by a 
wire connected between the piece of material and the 
switch to apply a force to the spring of the switch. When 
the ablation material recedes to the level of one of the 
pieces of ablative material the piece melts relieving the 
force on the spring which allows the switch to close. An 
electrical circuit including the switches is used to moni- 
tor the switches to determine which ones are closed. The 
closed switches are an indication of the level of surface 
recession of the ablation material. 

Other objects and advantages of this invention will 
further become apparent hereinafter and in the drawings, 
in which: 

FIG. 1 is a schematic drawing of this invention; and 

FIG. 2 is a schematic drawing of an alternative means 
for anchoring the spring loaded wire in the ablation 
material. 

In describing the preferred embodiment of the inven- 
tion illustrated in the drawings, specific terminology will 
be resorted to for the sake of clarity. However, it is not 
intended to be limited to the specific terms so selected, 
and it is to be understood that each specific term includes 
all technical equivalents which operate in a similar man- 
ner to accomplish a similar purpose. 

Turning now to the specific embodiment of the inven- 
tion selected for illustration in the drawings, the number 
11 in FIG. 1 designates generally the ablation material 
the recession of which is to be measured. The ablating 
surface of ablation material 11 is surface 12. In a surface 
13, the surface opposite surface 12, several holes 14 are 
drilled into the ablation material. Each of these holes 14 
has a different predetermined depth. A small disk 15 with 
a wire 16 attached to it is inserted into each hole 14. 
Disk 15 is made from an ablative material such as alumi- 
num so that when a large amount of heat is applied to 
it, it melts. A small rod 17 of the same material as ll, 
with a hole in its center large enough for wire 16 to 
slide through freely, is fitted into hole 14 to hold disk 
15 in place. Each of the wires 16 is attached to a spring 
loaded switch 18. Switch 18 is normally held in its closed 
position by a spring 19. Wire 16 is attached to switch 18 
so as to apply a force to spring 19 to hold the switch in 
its open position. Each of the switches 18 is connected 
across a resistance 20. All of the resistances 20 are con- 
nected in series with an output resistance 21 and a battery 
22. Output terminals 23 and 24 are connected across out- 
put resistance 21. 

In operation, the switches 18 are initially in their open 
positions as is shown in FIG. 1. Then all resistances 20 
are in the electrical circuit and the output voltage across 
terminals 23 and 24 is a minimum. When the ablation 
material 11 recesses to the level of the first disk 15, the 
disk will melt. This will relieve the tension on the first 
wire 16 and allow the first spring 19 to close the first 
switch 18. The closing of the first switch 18 shorts out 
the first resistance 20 causing the output across terminals 

23 and 24 to increase to a different level. As surface 12 
recesses further, additional resistances 20 will be shorted 
out causing the output voltage across terminals 23 and 

24 to increase in steps. Consequently, the output across 
terminals 23 and 24 at any time is an indication of the 
recession of surface 12. 

The sensor shown in FIG. 1 uses a small disk 15 to 
support the wire 16. An alternate approach shown in 
FIG. 2 is to use a small metal tube 25 to support wire 
16. The wire 16 passes through the tube 25 from the 
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switch and is attached to the end of the tube. The tube 
is inserted into the ablation material 11 to some pre- 
determined depth. As the material 11 is ablated away and 
the end of the tube is exposed to the hot gas cap, the end 
of the tube melts relieving the tension on wire 16. 

The advantages of this invention over prior ablation 
sensors are numerous. It can be used to measure the sur- 
face position of an ablation material in space flight with- 
out being affected by the electrical properties of the abla- 
tion material, the char-layer created or generated by many 
ablation materials, or the hot gas cap. The effect of the 
sensor on the physical properties of the missile skin is 
minimized in this invention by using the ablation mate- 
rial as the support for the spring loaded wire. The output 
of this sensor consists of a switch closure and therefore 
can be used over a wide temperature range without affect- 
ing the signal to the telemetry system. In addition, the 
sensor is a lightweight, compact, rugged device that will 
withstand severe shock and requires a minimum of as- 
sociated electronic equipment. 

It is to be understood that the form of the invention 
herewith shown and described is to be taken as a preferred 
embodiment. Various changes may be made in the shape, 
size and arrangement of parts. For example, equivalent 
elements may be substituted for those illustrated and de- 
scribed herein such as having switches 18 normally held 
open instead of normally held closed by springs 19, parts 
may be reversed, and certain features of the invention may 
be utilized independently of the use of other features, all 
without departing from the spirit or scope of the invention 
as defined in the following claims. 

What is claimed is: 

1. An ablation sensor for detecting when an ablation 
material has ablated to a predetermined level comprising: 
a piece of ablative material embedded in said ablating ma- 
terial at said predetermined level; a spring loaded switch 
having two positions; and means attached to said piece of 
ablative material and to said switch for applying a force 
to said spring to hold the switch in one of said two posi- 
tions whereby when said ablating material ablates to said 
predetermined level said piece of ablative material will 
melt and relieve the force on the spring causing the spring 
to actuate the switch to the other of said two positions. 

2. An ablation sensor in accordance with claim 1 where- 
in said means for applying a force to said spring is a wire. 

3. An ablation sensor in acocrdance with claim 1 where- 
in said spring loaded switch is normally held closed by 
the spring and is open while said force is applied to the 
spring. 

4. A device for measuring the surface recession of an 
ablating material comprising: several pieces of ablative 
material embedded in said ablating material at different 
predetermined levels; a separate spring loaded switch hav- 
ing two positions associated with each of said several 
pieces of ablative material; means associated with each of 
said several pieces of ablative material connected to one of 
said pieces and to the corresponding one of said switches 
for applying a force to its spring to hold the switch in one 
of said two positions; and an electrical circuit including 
said switches for indicating which ones of said switches 
are in said other position thereby indicating the surface 
recession of the ablating material. 
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5. A device in accordance with claim 4 wherein said 
means for applying a force to a spring is a wire. 

6. A device in accordance with claim 5 wherein each 
of said spring loaded switches is normally held closed by 

5 the spring and is open while said force is applied to the 
spring. 

7. An ablation sensor for detecting when an ablation 
material has ablated to a predetermined level comprising: 
a hole drilled in a surface of said ablation material oppo- 

jq site the ablation surface to said predetermined level; 
a disk of ablative material fitted into said holes at said pre- 
determined level; means for holding said disk at said pre- 
determined level; a spring loaded switch having two posi- 
tions; and means attached to said disk of ablative mate- 

15 rial and to said switch for applying a force to said spring 
to hold the switch in one of said two positions whereby 
when said ablation material ablates to said predetermined 
level said disk of ablative material will melt and relieve 
the force on the spring causing the spring to actuate the 

20 switch to the other of said two positions. 

8. Several ablation sensors in acordance with claim 7 
for measuring the recession of said ablation material with 
the disk of each sensor being located at a different pre- 
determined level and electrical circuit means for monitor- 

25 ing the switches to determine which ones of them have 
been actuated. 

9. An ablation sensor for detecting when an ablation 
material has ablated to a predetermined level comprising: 
a hole drilled in a surface of said ablation material op- 

30 posite the ablation surface to said predetermined level; 
a tube of ablative material having a closed end fitted into 
said hole such that said closed end is at said predetermined 
level; a spring loaded switch having two positions; means 
attached to the closed end of said tube and to said switch 

35 for applying a force to said spring to hold the switch in 
one of said two positions whereby when said ablation 
material ablates to said predetermined level the end of 
said tube will melt and relieve the force on the spring 
causing the spring to actuate the switch to the other of 

40 said two positions. 

10. Several ablation sensors in accordance with claim 9 
for measuring the recession of said ablation material with 
the closed end of each tube being located at a different 
level and electrical circuit means for monitoring the 

45 switches to determine which ones of them have been ac- 
tuated. 
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